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COMPARlSO\N OF A TRAC CALCULATION
TO THE DATA FROM LSTF RUN SB-CL-05*
\\ by

Safety Code\Deyelopment Group
Division
Los Alamos Mational Laboratory

Idaho Falls. Idaho 83415

ABSTRACT

Run SB-CL-05 is a 5% break in the side of the cold leg. The test
results show that the co e was uncovered briefly and that the rods over-
heated at certain core locations. Liquid holdup on the upflow side of the
steam generator tubes was observed. When the loop seal cleared, the core
refilled and the rods cooled.

The TRAC results are in reasonable agreement with the test data,
meaning that TRAC correctly predicted the major trends and phenomena.
TRAC predicted the core uncovery, the resulting rod heatup, and the liquid
holdup on the upflow side of the steam generator tubes correctly. The
clearing of the loop seal allowed core recovery and cooled the overheated
rods just as it had in the data. but TRAC predicted its occurrence 20 s
late.

The experimental and TRAC analysis results of run SB-CL-05 are
similar to those for Semiscale Run S-UT-8. In both runs there was core
uncovery. rod overheating. and steam generator liquid holdup. These re-
sults confirm scaling of these phenomena from Semiscale {1/1650) to LLSTF
(1/48).

I. INTRODUCTION

Los Alamos National Laboratory and Idaho Naiional Engineering Laboratory (INEL) are
analyzing selected Large-Scale Test Facihty (LSTF) experiments using the Transient Reactor
Analysis Code (TRAC),! developed by Los Alamos. This report describes the results of the
first LSTF test analyzed using TRAC. 7" s LSTF is a large scale (1/48) integral-test facility for
the study of pressurized water react. » \PWRs) during small break loss-of-coolant accidents
(SBLOCA) and anticipated reactor transients. All the major components of the primary and
secondary systems of a PWR are modeled by the LSTF. The available power is limited to 14%
of scaled full power so that for steady state operation the loop flaw is reduced to maintain

* Wourk performed under the auspices of the US Nuclear Regulatory Commission



the correct temperature rise through the heated core. The secondary pressure is increased
to reduce the primary-to-secondary heat transfer to 14%. The LSTF was built by the Japan
Atomic Energy Research Institute (JAER!) and the test results are shared with the US Nuclear
Regulatory Commission (NRC) according to terms of a bilateral agreement.

The main objective of Run 53B-CL-05 was to investigate the thermal-hydraulic mechanism
of early core uncovery and heatu» caused by manometric imbalance due to liquid holdup in the
upflow side of the tubes of the steam generators.? The results show that the test demonstrated
all of the phenomena expected. 1'he core uncovered briefly and the rods overheated at certain
core locations. The overheating was limited to 100 K. Liquid holdup was observed in the
upflow side of the steam generator tubes. When the loop seal cleared, the core refilled and
the heater rods cooled. Through»ut the remainder of the test the core was cool. Because
this test was one of the first performed in the LSTF, some test instruments failed and others
were subject to errors.

Early core uncovery and heater rod heatup were first observed in the Semiscale Mod-2a
test ‘acility in Run S-UT-8.2 These results were unexpected and further tests were conducted
in Semiscale to study these phenomena.? Liquid holdup and core uncoveries were observed
in the additional tests. The small ccale of the Semiscale facility (1/1650) was of concern in
applying the test results to PWRs.

Il. TRAC MODEL DESCRIPTION

The TRAC input model of the LSTF is very detailed and describes the primary system
and the secondary system to the steam valves.® The emergency core-cooling system (ECCS)
is modeled as a boundary condition “hat includes high-pressure injection (HPI). accumulator,
and low-pressure injection (LPI) flows. Figure 1 shows the TRAC model of the LSTF. There
are 41 components and 50 junctions. The detailed vessel model is shown in Fig. 2. There are
325 computational cells :n the model This noding is considered very detailed for analysis of a
SBLOCA. The three inner rings of the vessel allow representation of each ot the radial power
zones in the cote. The six core leve s accurately model the axial heat flux shape. Six pipes
model the guide tubes which connec’ the upper head (three top levels) to the upper plenum.
The detailed description of the TRAC input model is contained in Ref. 6. TRAC-PF1/MOD1
version 12.7 was used for this calculition.

. INITIAL AND BOUNDARY (ZONDITIONS

Steady-state initial conditions for the LSTF are similar to normal operating conditions
in a PWR except that the loop flon and the core power are reduced to 14% of the scaled
PWR values. This is necessary to maintain the correct temperature rise in the core with the
limited power available in the LSTF. The secnndary-side pressure in the steam generators was
increased to reduce the primary-to-secondary heat transfer. The comparison of measured to
calculated initial conditions is shown in Table |. There is good agreement in all comparisons.
The calculated hot-leg temperatures are slightly high because of the lower loop flow and the
heat losses in the test facility that were not accounted for in the TRAC model. The heat
losses are not considered to be impcrtant for this transient. The core bypass flow was based
cn the results of a special leakage test. All the bypass in the vessel is assumed to occur
between the downcomer and the upper head.



The boundary conditions imposed during the transient were taken from the test data.
The power to the core is held at the steady-state level until 45 s after the break opens; then
it follows a calculated radioactive decay. The pump speed is increased rapidly after the break
opens until it doubles at 15 s; then it is controlied to model pump coastdown. This procedure
is an attempt to pick up the transient as if it had started at full power and flow conditions. The
ECCS flows into the system were summed and provided to the ECCS locations in the input
model. The steam-generator secondary main steam valves close at 15 s. The secondary-side
pressure is controlled by the relief valves, which are set to open at 8.03 MPa and to close
at 7.82 MPa. The steam-generator feedwater flow is supplied to the calculation in the same
manner as during the test.

IV. DEFINITIONS OF COMPARISON DESCRIPTORS

The agreement between the data and the TRAC-calculated results is characterized by four
descriptors: excellent agreement, reasonable agreement, minimum agreement, and insufficient
agreemnent. Each descriptor is defined in the following naragraphs. along with the consequences
for future application of the code in the given area beiny characterized and the perceived need
for additional code development.

Excellent agreement is an appropriate descriptor when the code exhibits no deficiencies
in modeling a given behavior. Major and minor phenomena and trends are predicted correctly.
The calculated results are judgec by the analyst to be close to the data with which a2 com-
parison is being made. If the uncertainty of the data has been identified and made available
to the analyst, the calculation will, with few exceptions, lie within the uncertainty band of the
data. The code may be used with confidence in similar applications. Neither code models nor
the facility noding model requires examination or change.

Reasonable agreement is an appropriate descriptor when the code exhibits deficiencies.
but the deficiencies are minor; that is, the deficiencies are acceptable because the code provides
an acceptable prediction of the test. All major trends and phenomena are predicted correctly.
Differences between the test and calculated traces of parameters identified as important by the
analyst are greater than those deemed necessary for excellent agreement. If uncertainty data
are available, the calculation frequently will lie outside the uncertainty band. However, the
analyst believes that the discrepancies are insufficiently large to require a warning to potential
users of the code in similar applications. The assessment analyst believes that the correct
conclusions about trends and phenomena would be reached if the code were used in similar
applications. The code models and/or facility noding model should be reviewed to see whether
improvements can be made.

Minimal agreement is an appropriate descriptor when the code exhibits deficiencies and
the deficiencies are significant; that is, the deficiencies are such that the code provides a
prediction of the test that is only conditionally acceptable. Scme major trends or phenomena
are not predicted correctly whereas others are predicted correctly. Some TRAC-ralculated
values lie far outside the uncertainty band of the data with which a comparison is being made.
The assessment analyst believes that incorrect conclusions about trends and phenomena
might be reached if the code were used in similar applications. The analyst believes that
certain code models and/or the facility noding model must he reviewed. corrections made,
and a limited assessment of the revised code or input models made before the code can be
used with confidence for similar applications. A warning should be issued to the TRAC user



community that the user applying the code in similar applications risks drawing incorrect
conclusions. This warning should stay in force until the identified review, modification. and
limited assessment activities are completed and the resultant characterization descriptor is
“reasonable” or better.

Insufficient agreement is an appropriate descriptor when the code exhibits major deficien-
cies; that is, the deficiencies are such that the code prevides a prediction of the test that is
unacceptable. Major trends are not predicted correctly. Most TRAC-calculated values lie far
outside the uncertainty band of the data with which a comparison is being made. The assess-
ment analyst believes that incorrect conclusions about trends and phenomena are probable if
the code is used in similar applications. The analyst believes that certain code models and/or
the facility noding model must be reviewed. corrections made, and a limited assessment of
the revised code or facility noding model made before the code can be used with confidence
for similar applications. A warning should be issued to the TRAC user community that the
code must not be used for simiiar applications until the identified review. modification. and
limited assessment activities are completed and the resultant characterization descriptor is
“reasonable” or better.

V. COMPARISON OF TRAC-CALZULATED RESULTS TO LSTF DATA

The TRAC calculation proceeds in a manner similar to the experiment. The comparison
of the sequence of events is shown in Table !l. Most of the small differences in timing between
the test data and the TRAC calculation can be explained by the fact that the test data are
from Ref. 2 and the TRAC input was taken from the data tape. The major difference is the
delay of 20 s in the core uncovery and locp seal clearing. Because Run SB-CL-05 was one
of the first tests performed in the LSTF, some of the data have zero offsets and unexplained
sudden value changes.

The system pressure behavior is similar at all locations, so only the upstream-break pres-
sure is compared (Fig. 3). There is excellent agreement until 23 s, when the rate of pressure
decrease slows .n the experiment. At 80 s the data and thec calculation are in agreement again
and remain in reasonable agreement throughout the remainder nf the transient. The increase
in rate of pressure decrease at 160 s in the data und 180 s in the calculation corresponds
to loop seal clearing. The liquid temperature upstream of the break (Fig. 4) is in reasonable
agreement witn the data and indicates that there is liquid with significant subcooling at the
break until 50 s. The mass flow rates out of ihe break are compared in Fig. 5 and the integral
mass losses from the system are compared in Fig. 6. There is reasonable agreement hetween
the data and the calculation. During the first 50 s the calculated flow decreases in a similar
manner as the piessure, whereas the data indicate a much smaller change in the flow. One
of the measured flows (FRE590) is derived from the catch-tank level change and. therefore,
may not be able to follow the rapid changes in flow at the beginning of the transient. The
integrated mass loss comparison (Fig. 6) indicates that the calculated mass loss until the
time of loop seal clearing is 10% less than in the data. The difference in the system pressure
between 23 and 80 s can be explained by the difterent steam generator secondary and uppe:
head behavior in the calculation. The pressure in the seconda’y of the loop B steam generator
s shown in Fig. 7. The TRAC input modeled the relief valve action based on information about
set points and valve response; but, as the pressure comparison shows. there is insufficient
agreement between the calculation and the data, which may be attributed to an inadequate



characterization of the value. The loor A steam generator behaved in a similar manner. The
periods of high secondary pressure are evident in the primary pressure (Fig. 3). These high
secondary pressures are not sufficient to explain the primary pressure between 23 and 80 s.
The draining of the upper head occurred later and at a lower pressure in the calculation be-
cause the initial temperature of the fluid in the upper head was too low and had insufficient
agreement with the data. This temperature (Fig. 8) is a function of the downcomer to upper
head leakage flow and heat transfer betwesn the upper plenum and upper head. In the TRAC
model, all the core bypass was assumed to be between the downcorner and the upper head.
The special leakage tests to determine core bypass did not identify the specific leakage paths.
Apparently much of the leakage was between the do\:ncomer and the upper olenum because
the measured initial upper head fluid temperature is closer to the core-exit temperature than
the core-inlet temperature. The calculated upper head fluid temperature is equal to the core-
inlet temperature. The earlier draining of the upper head in the experiment is shown in Fig. 9,
which compares the upper head differential pressure. The data have a zero offset of 2 kPa
and unusual initial behavior, but indicate that draining of the upper head begins earlier in the
experiment. As will be shown later. the calculation drains the top of the steam generator
tubes instead of the upper head. These disagreements in pressure and draining are ended
before the core uncovery and, therefore, have no effect on the remainder of the calculation.
Figure 10 shows the excellent agreement between the calculated and measured emptying of
the pressurizer. with an apparent offset in the measurement.

The next series of plots shows the behavior in the vessel. The calculated downcomer
liquid volume fraction is shown in Fig. 11. The measured and calcuiated downcomer differential
pressures are compared in Fig. 12, The agreement is considered to be reasonable. In the
calculation, the downcomer remained full untir the loop seal cleared. but in the experiment
the downcomer drained down to the nozzle level by 100 s and that remained constant unisi
after the loop seal cleared. The voiding of the upper head in the experiment may have filled
the top of the downcomer with vapor through ti:2 upper head leakage holes. The calculated
core liquid volume fractions are shown in Fig. 13. The reasonable agreement between the
calculated and measured core diflerential pressures is shown in Fig. 14, |Initially, there is
excellent agreement as the flow first increases and then decreases. but as core voiding begins
the measured differential pressure decreases more rapidly than in the calculation. The core
level is depressed until the loop seal clears and then the core is refilled rapidly. The slowsr
calculated mass loss at the break explains the slower core level depression in the calculation
and the later refill as the loop seal clears.

The temperature response of the heater rods is shown in the next series of plots. The
ma:imum calculated temperature at any location on any of the heater rods is shown in Fig. 15,
The temperature follows saturation except for the short period between 140 and 180 s when
the core uncovers and some rod locations heat up until the core refills and the rods arz again
cooled. One rod from each of the three power zones was chosen as a comparison point for the
measured and calculated temperatures at six axial locations. Figures 16, 17, and 18 show the
temperatures for the intermediate, high, and low power zones respectively. There is moderate
agreement betweei the data and the calculation. The calculated rod heatup is delayed but
the temperature increase is correct. Inspection of all the measured rod temperatures shows
considerable variation form rod to rod within the core at any given elevation so that the



agreement between the calculation and the data shown in Fig. 16 through 18 is typical of the
average.

The steam generator differential pressure measurement is divided into upflow and down-
flow sides of the tubes. The differential pressure instruments are connected to show a positive
reading when the tubes are full of liquid. This method of instrumentation means that flow
losses are added to the liquid head on the upflow side and subtracted on the downflow side.
The comparison of the measured to calculated differential pressure for steam generator A up-
flow and downflow sides are shown in Figs. 19 and 20 respectively. After the initial defiections
caused by the increase in the flow. both sides show that the calculation begins draining the
tubes earlier than the data. showing minimal agreement between TRAC and the data. As dis-
cussed above, this is due to the lower initial temperature of the fluid in the upper head. After
80 <. the agreement improves to moderate. Comparison of Fig. 19 to Fig. 20 shows that the
downflow side drains at 100 s, while on the upflow side some liquid is held up and maintains
a differential pressure of up to 30 kPa until the loop seal clears. The differential pressures for
the loop B steam generator are similar to loop A. The upflow and downflow sides are shown
on the same plot separately for the data (Fig. 21) and the calculation (Fig. 22). Both of
these plots clearly show the liquid holdup between 80 and 180 s. The comparison of Fig. 21
to Fig. 22 shows reasonable agreement except between 25 and 80 s, when the agreement is
minimal as a result of the ea:ly draining in the calculation. The pressure difference between
the upflow and downflow sides is up to 30 kPa.

The loop seal differential pressure also is split in two sections. The downflow section
connects the steam generator outlet to the bottom of the loop seal. The upflow section
connects the bottom of the loop seal to the inlet of the pump. As in the case of the steam-
generator differential pressure, the lcop seal differential pressure is composed of a liquid head
and flow loss. The upflow and downflow sides differential pressures for loop A are sh.own in
Figs. 23 and 24, respectively. The downflow side (Fig. 23) b~gins clearing at the same time
in both the data and the calculatior. but the clearing proceeds more slowly in the calculation
than the experiment. The upflow side (Fig. 24) clears after the downflow side. The agreement
in Figs. 23 and 24 is considered reasonable.

VI. REVIEW OF S-UT-8 RESULTS

The test and TRAC analysis results of S-UT-87 (a Semiscale run) are briefly reviewed
here to compare with the results of SB-CL-05 for study of similar phenomena at two different
scales. In the S-UT-8 experiment there were two core uncoveries (Fig. 25). The eariy core
uncovery is of interest because it is caused by liquid holdup in the steam generator. There is
reasonable agreement between the measured and predicted core levels. The calculated tine
of the first core level depression is delayed by 25 s. The rod temperature response at the
208-cm elevation is shown in Fig. 26. There was limited heatup during the early core liquid
level depression. The predicted temperature increase was in reasonable agreernent with the
data even though the first heatup was delayed 50 s. The delay in core depression in the
calculation may have been caused by the slower mass loss out of the break (Fig. 27). The
clearing of the loop seal occurs at the same mass loss. The collapsed liquid level in the upflow
and downflow sides of the intact loop steam generator is shown in Fig. 28. The liquid holdup
or delay in draining on the upflow side of the steam generator is shown in hoth the data and



the calculation. The level difference was 2.5 to 3.0 m. The calculated clearing of the upflow
and downflow sides of the steam generator was delayed 50 s compared to the data.
Comparison of the behavior of S-UT-8 to SB-CL-05 shows very similar phenomena in
both tests with some timing differences when this phenomenon occurred. The core uncovery
was almost complete in both tests (Figs. 14 and 25). In response to the core uncovery, the
cladding temperature increased by 100 K (Figs. 17 and 26). The loop seal clearing and core
recovery occurred at the time that the primary inventory was reduced to 3C% of the initial
inventory (Figs. 6 and 27). The liquid holdup or delay in draining on the upflow side of the
steam generator caused a pressure imbalance that was equivalent to 2.5 to 3.0 m of water
(Figs. 23, 24, and 28). The similarity of pkenomena in these two facilities builds confidence
that these results can be expected to occur in a PWR. The Semiscale facility is a 1/1650
scale model and the LSTF is a 1/48 scale model. Scaling from Semiscale to the LSTF is an
increase in scale of 35 times so that this is almost halfway to full scale. One of the important
phenomena is the steam generator liquid holdup. Similar holdup has now been observed in the
€ tubes of Semiscale and the 141 tubes of LSTF. It is now more believable that holdup may
occur in a full-scale steam generator with 3000 or more tubes. The ability of the TRAC code
to calculate the phenomenon equally well in the two different scaled experiments confirms the
scalability of the many models in the code that are important in calculating this small break.

Vil. CONCLUSIONS

Experiment SB-CL-05 in the LSTF showed that. for a 5% cold-leg break, a core uncovery
occurred and that during this uncovery the rod cladding temperatures increased by 100 K.
The core uncovery occurred when the loop seal was full and a pressure imbalance between
the upflow and downflow sides of the steam generator was the equivalent of 2.5 to 3.0 m of
liquid. When the loop seal cleared. the core recovered and the rods cooled.

The TRAC calculation of this experiment was in reasonable agreement with the data.
TRAC predicted all the major trends and phenomena but was 20 s late in the timing. The
predicted liquid holdup on the upflow side of the steam generator was in agreement with the
data. The manometric pressure imbalance from the liquid hnldup caused the zure to uncover
and the rod cladding temperature to increase. The clearing of the loop seal relieved the
pressure imbalance and allowed the core to recover and cool.

The similarity of Semiscale Run S-UT-8 to LSTF Run SB-CL-05 confirms the scaling of
the small-break phenomena observed in these experiments. The scale change from Semiscale
to LSTF is 35 times. which is close to the 48-times scale change between LSTF and full scale.
The reasonable agreement between the TRAC code calculation and the experimental data of
these two tests confirms the scalability and accuracy of the small-break modeling in the code.
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TABLE |

INITIAL CONDITIONS FOR RUN 3B-CL-05

Parameter

Pressurizer pressure (MPa)

Loop A hot-leg fluid temperature (K)

Loop B hot-leg fluid temperature (K)

Loop A cold-leg fluid temperature (K)
Loop B cold-leg fluid temperature (K)

Core power (MW)

Core inlet flow (kg/s)

Loops A and B flow (kg/s)

Bypass (%)

Loop A flow (kg/s)

Loop B flow (kg/s)

Pressurizer water level (m)

Loop A primary-coolant pump speed (rpm)
Loop B primary-coolant pump speed (rpm)
Primary-coolant flow-control valve
Steam-generator-secondary pressure (MPa)
Steam-generator-secondary liquid level (m)
Steam-generator feedwater temperature (K)

Steam-generator feedwater and steam flows (kg/s)

*Information retrieved from data tape.

Test Data

15.6
599
599
565
564
10
N/A
49.25¢
N/A
24.6°
24.55¢
2.6
776°
785¢
fully open
7.3
10.3
495
27

TRAC Results

15.58
601.8
601.8
565.0
565.0

10.04

45.32

47.43

445
23.57
23.86

2.6

776.1
785.4
fully open

7.393

10.3
495

2.76



TABLE Il

CHRONOLOGY OF EVENTS FOR RUN SB-CL-05

Event

Break

Reactor trip

Main steam-line valve closure

Safety injection signal
Steam-generator feedwater termination
High -pressure charging injection
High-pressure safety injection
Auxiliary feedwater initiation

Power decrease

Core uncovery

Loops A and B loop-seal clearing

Primary and secondary pressure reversal

Reactor coolant pumps’ termination

Accumulator flow begins

Test Data

(s)
0
12
15
17
i8
31
34
40
45

120-155
~140
~180
266
416

TRAC Results
(s)

0
N/A
15
N/A
17
37
37
48
45
140-175
~160
~180

266
416
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TRAC input description of LSTF.
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Detailed TRAC model of LSTF vessel.



Fig. 3.
Comparison of TRAC-calculated (solid line} and measured (dashed iine)
upsiream break pressure.
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Comparison of TRAC-calculated (solid line) and measured (dashed line)
upstream break temperature.
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Comparison of TRAC calculated (solid line) and measured (dashed line)
pressurizer level
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Calculated downcomer liquid volume fraction.
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Fig. 12.
Comparison of TRAC-calculated (solid line) and measured (dashed line)
downcomer differential pressure.
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Fig. 14.

Comparison of TRAC-calculated (solid line) and measured (dashed line)
core diflerential pressure.
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Calculated maximum cladding temperature of an average rod.
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Fig. 16.

rod surface temperatures from bundie 24
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Fig. 17.

Comparison of TRAC-calculated (solid line) and measured (dashed line)

rod-surface temperatures from bundle 13.
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Fig. 18. )

Comparison of TRAC-calculated (solid line) and measured (dashed line)

rod surface temperature from bundle 2




Fig. 19.
Comparison of TRAC-calculated (solid line) and measured (dashed line)
Loop A steam generator upflow side differential pressure.

Fig. 20.
Comparison of TRAC-calculated (solid line) and measured (dashed line)
Loop A steam generator downflow side differential pressure.
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Fig. 22.

TRAC-calculated liquid holdup in stearr: generator B.
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Fig. 23.
Comparison of TRAC-calculated (solid line) and measured (dashed line)
Loop A loop seal downflow side differential pressure.
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Fig. 24.
Comparison of TRAC-calculated (solid line) and measured (dashed line)
Loop A loop seal upflow side differential pressure.
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Fig. 25.

Comparison of TRAC-calculated (solid line) and measured (dashed line)
collapsed liquid level in the core for Run S-UT-8.
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Fig. 26.

Comparison of TRAC-calculated (solid line) and measured (dashed line)

rod-surface temperature of rod A3 at the 208-cm elevation for
Run S-UT-8.
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Fig. 27.

Comparison of TRAC-calculated (solid line) and measured (dashed line)
mass ioss out of break tor Run S-UT-8.
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Comparison of TRAC-calculated (solid line) and measured (dashed line)
liquid holdup in the intact-loop steam generators for Run S-UT-8.



